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LOADS AND AEROELASTICITY DIVISION 

RESEARCH AND TECHNOLOGY ACCOMPLISHMENTS FOR FY 1986 

AND PLANS FOR FY 1987 

SUMMARY 

The purpose of this paper is to present the Loads and Aeroelasticity Division's 
research accomplishments for FY 86 and research plans for FY 87. The work under 
each branch (technical area) will be described in terms of highlights of 
accomplishments during the past year and highlights of plans for the current year as 
they relate to five year plans and the objectives for each technical area. This 
information will be useful in program coordination with other government 
organizations, universities, and industry in areas of mutual interest. 

ORGANIZATION 

The Langley Research Center is organized by directorates as shown on figure 1. 
Directorates are organized by divisions and offices. The Loads and Aeroelasticity 
Division of the Structures Directorate consists of five branches as shown on figure 2. 
This figure lists the key people in the division which consists of 66 NASA civil servants, 
nine members of the Army Aero structures Directorate, USAARTA, Army Aviation 
Systems Command located at Langley Research Center, and one member of the Air 
Force. Recent changes in key people include the loss of Jerry Newsom from the 
Aeroservoelasticity Branch to NASA Headquarters (Technical Assistant to the 
Administrator) and the assignments of Rodney Ricketts as Assistant Head of the 
Thermal Structures Branch and Bill Cazier as Assistant Head of the Configuration 
Aeroelasticity Branch. Each branch represents a technical area and disciplines under 
the technical areas are shown on the figure. All of the Army personnel work on the 
Rotorcraft Aeroelasticity and Rotorcraft Structural Dynamics disciplines. 

The division conducts analytical and experimental research in the five technical 
areas to meet technology requirements for advanced aerospace vehicles. The 
research focuses on the long range thrusts shown in figure 3. The Configuration 
Aeroelasticity Branch (CAB), Unsteady Aerodynamics Branch (UAB), and 
Aeroservoelasticity Branch (ASEB) all work in the area of Prediction and Control of 
Aeroelastic Stability and Response of Aircraft and Rotorcraft. The Aerothermal Loads 
Branch (ALB) and the Thermal Structures Branch (TSB) work the areas of Lightweight, 
Hot Structures for High Speed Vehicles (Aeronautics) and Aerothermal Structures and 
Materials Technology for Space Transportation Systems (Space). 

RESEARCH PHILOSOPHY 

The basic philosophy and motivation of the Loads and Aeroelasticity Division 
research program can be captured in selected quotes from some leaders in 
Aerospace Research and Development. In his 13th Von Karman lecture on 
Aeroelasticity (ref. 1), I. E. Garrick related the following: "Von Karman's sense of 
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humor, which was remarkably appropriate to a given occasion, has become 
legendary. Recognizing that the poor structures engineer was usually held 
accountable for structural integrity, he quipped, The aerodynamicist assumes 
everything but the responsibility."’ 

"It has been gratifying to me to observe that in major aerospace industry the 
aeroelastician is no longer the stepchild he once was. From an almost parochial 
isolated specialist, he is now the generalist who tends to pull together the separate 
efforts in structures, aerodynamics, stability and control, and propulsion, even in early 
design stages. Yet, there are still human problems such as one-way communications 
and barriers between departments as well as physical problems that are often so 
recondite and difficult that aeroelastic problems may slip through the cracks." 

In his Wright Brothers Lectureship in Aeronautics on Optimization (ref. 2), Holt 
Ashley observed: "Further mention will be made in what follows of the keen 

disappointment felt by many specialists because their theories have received so little 
practical application. This phenomenon is frequently attributed to a reluctance by 
developmental engineers to adopt unfamiliar and untried methods of analysis." 

In an appraisal of a study of hypersonic airframe structures, (ref. 3), Rene' Miller 
stated: "The cost effectiveness of .... (Thermal) Structural Concepts is greatly 
dependent on solutions to the detailed design problems. In fact, it is likely that these 
detailed design problems as demonstrated in the X-15 program will prove to be the 
pacing item in the development of Hypersonic Aircraft." 

The Loads and Aeroelasticity Division program is aimed at producing the data and 
analysis methods required by those who are accountable for the structural integrity of 
aerospace vehicles; to provide the detailed design data and methods for the pacing 
item of development of hypersonic vehicles - cost effective thermal structures; to 
continue to pull together those separate efforts that ought to (or must) be considered 
as a single task to preclude aeroelastic problems from slipping through the cracks; and 
to alleviate the reluctance by developmental engineers to adopt unfamiliar and untried 
methods by making them both familiar and proven. 

FACILITIES 

The Loads and Aeroelasticity Division has two major facilities available to support its 
research as shown in figure 4. 

The Transonic Dynamics Tunnel (TDT) is a Mach 0.2 to 1.2 continuous flow, 
variable-pressure wind tunnel with a 16-foot-square test section which uses a Freon- 
12 test medium primarily for dynamic aeroelastic testing. This unique facility is used 
primarily by the Configuration Aeroelasticity Branch. Semi-span, side-wall mounted 
models and full-span cable-mounted models are used for aeroelastic studies of fixed 
wing aircraft. The Aeroelastic Rotor Experimental System (ARES) test stand is used in 
the tunnel to study the aeroelastic effects on rotors. A General Rotor Aeroelastic 
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Laboratory, located nearby, is used to setup the ARES test stand in preparation for 
entry into the TDT and for rotorcraft studies in hover. A modernization of the 
TDT Data Acquisition System is underway. A major CofF activity for density increase 
has recently been completed. The upgraded facility can now operate at dynamic 
pressures up to 600 psf. The maximum Reynolds number is about 10 x 10 6 /ft. The 
replacement cost for this facility is $63M. 

The Aerothermal Loads Complex consists of five facilities which are operated by 
the Aerothermal Loads Branch to carry out their research. The 8-Foot High 
Temperature Tunnel (8’ HTT) is a unique hypersonic Mach 7 blowdown wind tunnel 
with an 8' diameter test section (uniform temperature test core of 4') that uses products 
of combustion (methane and air under pressure) as the test medium. The tunnel 
operates at dynamic pressures of 250 to 1800 psf, temperatures of 2400 to 3600°R 
and Reynolds numbers of 0.3 to 2.2 x 106/ft. The tunnel is used to test 2-D and 3-D 
type models to determine aerothermal loads and to evaluate new high temperature 
structural concepts. A major CofF item is underway to provide alternate Mach number 
capability and oxygen enrichment for the test medium. This is being done primarily to 
allow the tunnel to test models that have hypersonic air breathing propulsion 
applications. The replacement cost for the tunnel is $45M. 

The 7-Inch High Temperature Tunnel (7" HTT) is a nearly 1/12 scale of the 8' HTT 
with basically the same capabilities as the larger tunnel. It is used primarily as an aid 
in the design of larger models for the 8' HTT and for aerothermal loads test on 
subscale models. The 7" HTT is currently being used to evaluate various new systems 
for the 8' HTT. The replacement cost for the tunnel is $0.8M. 

The three Aerothermal Arc Tunnels (20 MW, 5 MW and 1 MW) are used to test 
models in an environment that simulates the flight reentry envelope for high speed 
vehicles such as the Space Shuttle. The amount of usable energy to the test medium 
in these facilities is 9 MW, 2 MW, and 1/2 MW. The 5 MW is a three phase AC arc 
heater while the 20 MW and 1 MW are DC arc heaters. Test conditions such as 
temperature, flow rate, and enthalpy vary greatly since a variety of nozzles and throats 
are available and since model sizes are different (3" diameter to V x 2' panels). The 
replacement cost for these arc tunnels is $24M. 

FY 86 ACCOMPLISHMENTS 

Configuration Aeroelasticitv Branch 

The Configuration Aeroelasticity Branch conducts research (figure 5) to determine, 
analytically and experimentally, effective means for predicting and reducing helicopter 
vibrations and to evaluate the aeroelastic characteristics of new rotor systems; to 
develop the aeroelastic understanding and prediction capabilities needed to appiy 
new aerodynamic and structural concepts to future flight vehicles and to determine 
and solve the aeroelastic problems of current designs. This work is more clearly 
identified in figure 6 which shows the five year plan of the three disciplines and their 
expected results. 
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The Configuration Aeroelasticity FY 86 accomplishments listed below are 
highlighted by figures 7 through 12. 

Aircraft Aeroelasticity: 

- Unanticipated Flutter Characteristics of New Composite A-6 Wing 
Identified in TDT Tests 

- Unusual Instability Boundary for DAST ARW-2 Found to be Narrow 
Transonic Response Region 

- Adaptive Flutter Suppression System Evaluated in TDT Tests 

- Active Flexible Wing Model Successfully Tested in TDT 

Rotorcraft Aeroelasticity: 

- Langley Blackhawk Rotor Design Shows Performance Improvements 
Over Existing Rotor 

Rotorcraft Structural Dynamics: 

- Sensitivity Analysis Implemented in NASTRAN for Helicopter 
Airframe Optimization to Reduce Vibrations 

Each highlight is accompanied by descriptive material. 

Unsteady Aerodynamics Branch 

The Unsteady Aerodynamics Branch conducts research (figure 13) to produce, 
apply, and validate through experiments a set of analytical methods for predicting 
steady and unsteady aerodynamic loads and aeroelastic characteristics of flight 
vehicles--with continued emphasis on the transonic range and emerging emphasis on 
high angle-of-attack maneuvering subsonic and supersonic conditions. This work is 
more clearly identified in figure 14 which shows the five year plan of the three 
disciplines and their expected results. 

The Unsteady Aerodynamics FY 86 accomplishments listed below are highlighted 
by figures 15 through 18. 

Theory Development and Design Methods: 

- New Algorithm for Unsteady Transonic Small-Disturbance Equation 
Gives Order of Magnitude Increase in Computational Efficiency 

- Approximate Factorization Algorithm Enables Supersonic 
Unsteady Aerodynamics Calculations 

- Fuselage Aerodynamic Interference Effects Predicted on RAE Wing 
Unsteady Loading 

Experiments: 

- Laminar Flow Observed on Supercritical Airfoil at High Reynolds Numbers 
Each highlight is accompanied by descriptive material. 
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The Aeroservoelasticity Branch conducts research (figure 19) to develop 
methodologies for the analysis and synthesis of multifunctional active control systems 
and conceives, recommends, and provides technical support for experiments to 
validate the methodologies. Mathematical models needed to support NASA projects 
are used to verify the theoretical developments and their computer implementations. 
This work is more clearly identified in figure 20 which shows the five year plan of the 
three disciplines and their expected results. 

The Aeroservoelasticity FY 86 accomplishments listed below are highlighted by 
figures 21 through 25. 

Analysis and Design Methods: 

- New Method for Approximating Unsteady Aerodynamics 
for Aeroservoelasticity Computations 

- Automated Transonic Aeroelasticity Analysis Program Developed 

Applications and Validations: 

- ARW-2 Wing Tip Accelerations Correlates With Surface Pressure 
Shock Movement 

- Active Control of Shock Induced Oscillations 

- Active Flexible Wing Wind-Tunnel Test Program 

Each highlight is accompanied by descriptive material. 

Aerothermal Loads Branch 

The Aerothermal Loads Branch conducts research (figure 26) to develop and 
validate solution algorithms, modeling techniques, and integrated finite element 
solutions for fluid-thermal-structural analysis; to identify and understand flow 
phenomena and flow/surface/structure interaction parameters required to define 
detailed aerothermal loads for structural design via analysis and test; and to define 
methods for testing in high enthalpy flow environments including the capability for 
testing air breathing engines at hypersonic speeds. This work is more clearly 
identified in figure 27 which shows the five year plan of the three disciplines and their 
expected results. 

The Aerothermal Loads Branch FY 86 accomplishments listed below are 
highlighted by figures 28 through 32. 

Experiments: 

- Shock Impingement on a Cylindrical Leading Edge - Augmented 
Heating Rate Measurements 

- Protective Shroud Successfully Removed at Mach 6.7 in LaRC 
8' High Temperature Tunnel 
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Analysis: 

- Combined Indicators Required for Viscous Flow 

- Integrated Fluid-Thermal-Structural Algorithm Demonstrated 
for Nonlinear Thermal Stress-Strain Analysis 

Facilities and Test Techniques: 

- Compact Analyzer Controls Oxygen Enrichment Level During 
Combustion Process with Fast Response 

Each highlight is accompanied by descriptive material. 

Thermal Structures Branch 

The Thermal Structures Branch conducts research (figure 33) to develop and 
validate concepts for aerospace structures whose design is significantly controlled by 
the thermal excursions of the operating environments of aerospace vehicles. Systems 
studies in concert with the Space Systems Division or High-Speed Aerodynamics 
Division help to identify structures and materials technology needs. Structural 
concepts are then developed, analyzed, fabricated, and tested to verify the required 
technology advances. This work is more clearly identified in figure 34 which shows 
the five year plan of the three major disciplines and their expected results. Thermal 
structures experimental needs are currently in the definition stage. Static testing of 
small components is currently being done with the support of contractors, ADFRF, and 
the Aerothermal Loads Branch. 

The Thermal Structures FY 86 accomplishments listed below are highlighted by 
figures 35 through 38. 

Propulsion Structures: 

- Cooled Hypersonic Engine Strut 

Airframe Structures: 

- Leaktight Honeycomb Joint Design for 900°F Service Environment 

- Multiwall Insulating Blatter for Cryogenic Tank 

Analysis and Synthesis Methods: 

- Sizing and Optimization Language 

Each highlight is accompanied by descriptive material. 

PUBLICATIONS 

The FY 86 accomplishments of the Loads and Aeroelasticity Division resulted in a 
number of publications. The publications are listed below by organization and are 
identified by the categories of journal publications, formal NASA reports, conference 
presentations, contractor reports, tech briefs, and patents. 
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DIVISION OFFICE 


Formal NASA Reports 

1. Dixon, S. C.; Tenney, D. R.; Rummler, D. R.; Wieting, A. R.; and Bader, R. M.: 
Structures and Materials Technology Issues for Reusable Launch Vehicles. NASA TM' 
87626, October 1985. 

2. Hanson, P. W.: Aeroelasticity at the NASA Langley Research Center - Recent 
Progress, New Challenges. NASA TM-87660, December 1985. 

3. Gardner, J. E.; and Dixon, S. C.: Loads and Aeroelasticity Division Research 
and Technology Accomplishments for FY 1985 and Plans for FY 1986. NASA TM- 
87676, January 1986. 

Conference Presentations 

4. Dixon, C. S.; Tenney, D. R.; Rummler, D. R.; Wieting, A. R.; and Bader, R. M.: 
Structures and Materials Technology Issues for Reusable Launch Vehicles. 
Presented at the IEEE 18th Annual Electronics and Aerospace Systems Conference 
(EASCOM 85), October 29, 1985, Washington, DC. 


CONFIGURATION AEROELASTICITY BRANCH 

Formal NASA Reports 

5. Kehoe, M. W.; Cazier, F. W., Jr.; and Ellison, J. F.: Ground Vibration Test of the 
Laminar Flow Control JetStar Airplane. NASA TM-86398, October 1985. 

6. Cazier, F. W., Jr., and Kehoe, M. W.: Ground Vibration Test of F-16 Airplane 
With Modified Decoupler Pylons. NASA TM-87634, April 1986. 

7. Cole, S. R.: Divergence Study of a High-Aspect Ratio, Forward-Swept Wing. 
NASA TM-87682, June 1986. 

8. Cazier, F. W., Jr.; and Kehoe, M. W.: Flight Test of a Decoupler Pylon for 
Wing/Store Flutter Suppression. NASA TM-87767, July 1986. 

9. Cazier, F. W., Jr.; and Kehoe, M. W.: Flight Test of Passive Wing/Store Flutter 
Suppression. NASA TM-87766, August 1986. 

10. Mantay, W. R.; and Yeager, W. T., Jr.: Aeroelastic Considerations forTorsionally 
Soft Rotors. NASA TM-87687, AVSCOM TR 86-B-1 , August 1986. 
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Conference Presentations 

11. Cole, S. R.: Divergence Study of a High-Aspect Ratio, Forward-Swept Wing. 
Presented at the AIAA 24th Aerospace Sciences Meeting, January 6-9, 1986, Reno, 
Nevada. AIAA Paper No. 86-0009. 

12. Cazier, F. W., Jr.; and Kehoe, M. W.: Flight Test of A Decoupler Pylon for 
Wing/Store Flutter Suppression. Presented at the AIAA 3rd Flight Testing Conference 
and Technical Display, April 2-4, 1986, Las Vegas, Nevada. AIAA Paper No. 86-9730. 

13. Cazier, F. W., Jr.; and Kehoe, M. W.: Flight Test of Passive Wing/Store Flutter 
Suppression. Presented at the Joint Technical Coordinating Group for Munitions 
Development 1986 Aircraft/Stores Compatibility Symposium, April 8-10, 1986, Wright- 
Patterson AFB, Ohio. In Proceedings. 

14. Halwes, D. R.; and Cline, J. H.: Total Rotor Isolation System (TRIS) Flight Test 
Results. Presented at the AHS 42nd Annual Forum and Technology Display, June 
2-4, 1986, Washington, DC. In Proceedings. 

Contractor Reports 

15. Reed, W. H., Ill; An Airfoil Flutter Model Suspension System to Accommodate 
Large Static Transonic Airloads. (NASI -17686 Dei-Tech, Inc.) NASA CR-1 77998, 
October 1 985. 

16. Halwes, D. R.; and Nicks, C. O.: Six Degree-of-Freedom "LIVE" Isolation 
System Tests -Parti: Interim Report. (NASI -16969 Bell Helicopter Textron.) NASA 
CR-1 77928, April 1986. 

Tech Briefs 

17. Halwes, D. R. (Bell Helicopter Textron, Inc.): Six-Degree-of-Freedom Total 
Rotor Isolation System. NASA Tech Brief LAR-1 3581 . 


UNSTEADY AERODYNAMICS BRANCH 

Journal Publications 

18. Williams, M. H.; Bland, S. R.; and Edwards, J. W.: Flow Instabilities in Transonic 
Small-Disturbance Theory. AIAA Journal . Volume 23, No. 10, October 1985, p. 1491- 
1496. 

19. Runyan, H. L.; and Tai, H.: Application of a Lifting Surface Theory for a 
Helicopter in Forward Flight. Vertica. Volume 10, Nos. 3/4, 1986, p. 269-280. 
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20. Batina, J. T.: Unsteady Transonic Flow Calculations for Two-Dimensional 
Canard-Wing Configurations. Journal of Aircraft , Volume 23, No. 4, April 1986, 
p. 290-298. 

21. Batina, J. T.: Unsteady Transonic Flow Calculations for Interfering Lifting 
Surface Configurations. Journal of Aircraft . Volume 23, No. 5, May 1986, p. 422-430. 

22. Berry, H. M.; Batina, J. T.; and Yang, T. Y.: Viscous Effects on Transonic Airfoil 
Stability and Response. Journal of Aircraft . Volume 23, No. 5, May 1986, p. 361-369. 

Formal NASA Reports 

23. Runyan, H. L.; and Tai, H.: Compressible, Unsteady Lifting-Surface Theory for a 
Helicopter Rotor in Forward Flight. NASA TP-2503, December 1985. 

24. Batina, J. T.: Unsteady Transonic Flow Calculations for Wing-Fuselage 

Configurations. NASA TM-87707, March 1986. 

25. Gallman, J. W.; Batina, J. T.; and Yang, T. Y.: A Computational Transonic Flutter 
Boundary Tracking Procedure. NASA TM-87708, March 1986. 

26. Gibbons, M. D.; Whitlow, W., Jr.; and Williams, M. H.: Nonisentropic Unsteady 
Three Dimensional Small Disturbance Potential Theory. NASA TM-87726, April 1986. 

27. Whitlow, W., Jr.; Hafez, M. M.; and Osher, S. J.: An Entropy Correction Method 
for Unsteady Full Potential Flows With Strong Shocks. NASA TM-87769, June 1986. 

28. Seidel, D. A.; and Batina, J. T.: User's Manual for XTRAN2L (Version 1 .2): A 
Program for Solving the General-Frequency Unsteady Transonic Small-Disturbance 
Equation. NASA TM-87737, July 1986. 

Conference Presentations 

29. Yates, E. C., Jr.: Problems and Progress in Aeroelasticity for Interdisciplinary 
Design. Presented at the Recent Trends In Aeroelasticity, Structures, and Structural 
Dynamics, February 6-7, 1986, Gainesville, Florida. 

30. Batina, J. T.: Unsteady Transonic Flow Calculations for Wing-Fuselage 

Configurations. Presented at the AIAA/ASME, et al. , 27th Structures, Structural 
Dynamics and Materials Conference, May 19-21, 1986, San Antonio, Texas. AIAA 
Paper No. 86-0862-CP. 

31. Gallman, J. W.; Batina, J. T.; and Yang, T. Y.: A Computational Transonic Flutter 
Boundary Tracking Procedure. Presented at the AIAA/ASME, et al., 27th Structures, 
Structural Dynamics and Materials Conference, May 19-21, 1986, San Antonio, Texas. 
AIAA Paper No. 86-0902-CP. 
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32. Gibbons, M. D.; Whitlow, W., Jr.; and Williams, M. H.: Nonisentropic Unsteady 
Three-Dimensional Small Disturbance Theory. Presented at the AIAA/ASME, et al., 
27th Structures, Structural Dynamics and Materials Conference, May 19-21, 1986, 
San Antonio, Texas. AIAA Paper No. 86-0863-CP. 

33. Smith, G. E.; Whitlow, W., Jr.; and Hassan, H. A.: Unsteady Transonic Flows 
Past Airfoils Using the Euler Equations. Presented at the AIAA 4th Applied 
Aerodynamics Conference, June 9-11, 1986, San Diego, California. AIAA Paper No. 
86-1 764-CP. 

34. Whitlow, W., Jr., Hafez, M. M.; and Osher, S. J.: An Entropy Correction Method 
for Unsteady Full Potential Flows With Strong Shocks. Presented at the AIAA 4th 
Applied Aerodynamics Conference, June 9-11, 1986, San Diego, California. AIAA 
Paper No. 86-1768-CP. 

35. Edwards, J. W.: Application of Potential Theory Computations to Transonic 
Aeroelasticity. Presented at the 15th Congress of the International Council of the 
Aeronautical Sciences (ICAS), September 7-12, 1986, London, England. Paper No. 
ICAS-86-2-9.1 . 

36. Yates, E. C., Jr.; and Chu, L-C.: Static Aeroelastic Effects on the Flutter of 
Supercritical Wing. Presented at the 63rd Meeting of the AGARD Structures and 
Materials Panel Specialists' Meeting on Static Aeroelastic Effects on High- 
Performance Aircraft, September 28 - October 3, 1986, Athens, Greece. Proceedings 
pending. 

37. Yates, E. C., Jr.; and Whitlow, W., Jr.: Development of Computational Methods 
for Unsteady Aerodynamics at the NASA Langley Research Center. Presented at the 
63rd Meeting of the AGARD Structures and Materials Panel Workshop on Future 
Research on Transonic Unsteady Aerodynamics and Its Aeroelastic Applications, 
September 28 - October 3, 1986, Athens, Greece. 

Contractor Reports 

38. Ehlers, F. E.; Weatherill, W. H.; and Yip, E. L.: Development and Application of 
Algorithms for Calculating the Transonic Flow About Harmonically Oscillating Wings. 
(NAS1-16297 Boeing Commercial Airplane Company.) NASA CR-172376, October 
1984 (Released 1985). 

AEROSERVOELASTICITY BRANCH 

Formal NASA Reports 

39. Arbuckle, P. D.; Sliwa, S. M.; Roy, M. L.; and Tiffany, S. H.: FIT: A Computer 
Program That Interactively Determines Polynomial Equations for Data Which Are a 
Function of Two Independent Variables. NASA TM-86413, October 1985. 
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40. Dunn, H. J.: UNAERO: A Package of FORTRAN Subroutines for Approximating 
Unsteady Aerodynamics in the Time Domain. NASA TM-86392, October 1985. 

41. Eckstrom, C. V.: Prediction of Wing Aeroelastic Effects on Aircraft Lift and 
Pitching Moment Characteristics. NASA TM-87631 , November 1985. 

42. Wieseman, C. D.: A Method to Stabilize Linear Systems Using Eigenvalue 
Gradient Information. NASA TP-2479, November 1985. 

43. Eckstrom, C. V.: Flight Measurements of Surface Pressures on a Flexible 
Supercritical Research Wing. NASA TP-2501, December 1985. 

44. Eckstrom, C. V.: Loads Calibrations of Strain Gage Bridges on the DAST 
Project Aeroelastic Research Wing (ARW-2). NASA TM-87677, March 1986. 

Conference Presentations 

45. Eckstrom, C. V.: Prediction of Wing Aeroelastic Effects on Aircraft Lift and 
Pitching Moment Characteristics. Presented at the Navy Aircraft Flight Loads 
Technology Transfer Conference, October 16-17, 1985, Washington, DC. 
Proceedings pending. 

46. Newsom, J. R.: Aeroservoelasticity Studies for NASP. Presented at the First 
National Aero-Space Plane Technology Symposium, May 20-22, 1986, Hampton, 
Virginia. Paper No. 116, NASA CP-1007. 

47. Gilbert, M. G.: A Sensitivity Method for Integrated Structural Active Control Law 
Design. Presented at the NASA Langley/VPI&SU Symposium on Sensitivity Analysis 
in Engineering, September 25-26, 1986, Hampton, Virginia. NASA CP pending. 

48. Eckstrom, C. V.: Prediction of Wing Aeroelastic Effects on Aircraft Lift and 
Pitching Moment Characteristics. Presented at the 63rd Meeting of the AGARD 
Structures and Materials Panel Specialists' Meeting on Static Aeroelastic Effects on 
High-Performance Aircraft, September 28 - October 3, 1986, Athens, Greece. 

49. Murrow, H. N.: Measurements of Atmospheric Turbulence. Presented at the 
NASA Langley Workshop on Atmospheric Turbulence Relative to Aviation, Missile, 
and Space Programs, April 2-4, 1986, Hampton, Virginia. NASA CP pending. 

50. Weisshaar, T. A.; Newsom, J. R.; Gilbert, M. G.; and Zeiler, T. A.: Integrated 
Structure/Control Design - Present Methodology and Future Opportunities. Presented 
at the 15th Congress of the International Council of the Aeronautical Sciences (ICAS), 
September 7-12, 1986, London, England. Paper No. iCAS 86-4.8.1. 
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51. Murrow, H. N.: A Summary of Atmospheric Turbulence Data (In-Situ 

Measurements) in the U.S.A. Presented at the AGARD Structures and Materials 
Panel Workshop on the Flight of Flexible Aircraft in Turbulence, September 29 - 
October 2, 1986, Athens, Greece. Proceedingspending. 

Contractor Reports 

52. Hajela, P.: Optimal Airframe Synthesis for Gust Loads. (NAG1-579 University 
of Florida.) NASA CR-1 78047, February 1986. 

Tech Briefs 

53. Arbuckle, P. D.; Sliwa, S. M.; Tiffany, S. H.; and Roy, M. L.: FIT: A Computer 
Program That Interactively Determines Polynomial Equations for Data Which Are a 
Function of Two Independent Variables. NASA Tech Brief LAR-1 3457. 


AEROTHERMAL LOADS BRANCH 


Journal Publications 

54. Swann, R. T.; Wood, G. M., Jr.; Brown, R. D.; Upchurch, B. T.; and Allen, G. J.: 
Non-Catalytic Surfaces for Metallic Fleat. Progress in Astronautics and Aeronautics . 
Volume 96, Thermal Design of Aeroassisted Orbital Transfer Vehicles, edited by H. F. 
Nelson, 1985, p. 538-558. 

55. Macaraeg, M. G.: The Effect of Power-Law Body Forces on a Thermally Driven 
Flow Between Concentric Rotating Spheres. Journal of the Atmospheric Sciences . 
Volume 43, No. 3, February 1, 1986, p. 302-304. 

56. Macaraeg, M. G.: Numerical Experiments of Axisymmetric Flow in a Nonuniform 
Gravitational Field. AIAA Journal . Volume 24, No. 9, September 1986, p. 1483-1487. 

57. Macaraeg, M. G.; and Streett, C. L.: Improvements in Spectral Collocation 
Discretization Through a Multiple Domain Technique. Applied Numerical 
Mathematics . Volume 2, No. 2, April 1986, p. 95-108. 

Formal NASA Reports 

58. Macaraeg, M. G.: Application of CFD to Aerothermal Heating Problems. NASA 
TM-87670, January 1986. 

59. Macaraeg, M. G.; and Streett, C. L.: A Spectral Multi-Domain Technique With 
Application to Generalized Curvilinear Coordinates. NASA TM-87701 , March 1986. 
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60. Lewis, B. W.; Brown, K. G.; Wood, G. M., Jr.; Puster, R. L.; Paulin, P. A.; Fishel, 
C. E.; and Ellerbe, D. A.: Mass Spectrometric Gas Composition Measurements 
Associated With Jet Interaction Tests in a High-Enthalpy Wind Tunnel. NASA TM- 
87642, June 1986. 

61. Streett, C. L.; and Macaraeg, M. G.: Preconditioning for First-Order Spectral 
Discretizations. NASA TM-87619, August 1986. 

Conference Presentations 

62. Macaraeg, M. G.: Applications of CFD to Aerothermal Heating Problems. 
Presented at the AIAA 24th Aerospace Sciences Meeting, January 6-9, 1986, Reno, 
Nevada. AIAA Paper No. 86-0232. 

63. Singh, J. J.; Sprinkle, D. R.; and Puster, R. L.: A New On-Line Technique for 
Natural Gas Calorimetry. Presented at the Institute of Gas Technology Second Annual 
Symposium on "Natural Gas Energy Measurement", April 30-May 2, 1986, Chicago, 
Illinois. In Proceedings, Section 4, p. 1-25. 

64. Thornton, E. A.; Dechaumphai, P.; Vemaganti, G.; and Wieting, A. R.: Finite 
Element Approach for Prediction of Aerothermal Loads. Presented at the AIAA/ASME 
4th Joint Fluid Mechanics, Plasma Dynamics and Lasers Conference, May 12-14, 
1986, Atlanta, Georgia. AIAA Paper No. 86-1050. 

65. Macaraeg, M. G.; and Streett, C. L.: Spectral Multiple Domain Technique With 
Application to Generalized Curvilinear Coordinates. Presented at the INRIA Sixth 
International Symposium on Finite Element Methods in Flow Problems, June 16-20, 
1986, Antibes, France. In Proceedings, p. 231-238. 

Tech Briefs 

66. Singh, J. J.; Sprinke, D. R.; and Puster, R. L.: New Method for Determining 
Heats of combustion of Gaseous Hydrocarbons. NASA Tech Brief LAR-13528. 


THERMAL STRUCTURES BRANCH 


Journal Publications 

67. Shideler, J. L.; Webb, G. L.; and Pittman, C. M.: Verification Tests of Durable 
Thermal Protection System Concepts. Journal of Spacecraft and Rockets . Volume 22, 
No. 6, November - December, 1985, p. 598-604. 

68. Sawyer, J. W.: Effect of Stitching on the Strength of Bonded Composite Single 
Lap Joints. AIAA Journal . Volume 23, No. 1 1 , November 1985. 
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69. Prabharan, R.; and Sawyer, J. W.: A Photoelastic Investigation of a Symmetric 
Four Point Bend Shear Test for Composite Materials. Composite Structures Journal . 
Volume 5, No. 3, 1986, p. 217-231. 

70. Taylor, A. H.; Cerro, J. A.; and Jackson, L. R.: Analytical Study of Reusable 
Flight-Weight Cryogenic Propellant Tank Designs. Journal of Spacecraft and Rockets . 
Volume 23, No. 2, March - April 1986, p. 149-157. 

Formal NASA Reports 

71. Royster, D. M.; Davis, R. C.; Shinn, J. M.; Bales, T. T.; and Wiant, H. R.: 
Fabrication and Evaluation of Superplastically Formed/Weld-Brazed Corrugated 
Compression Panels with Beaded Webs. NASA TP-2512, November 1985. 

72. Sawyer, J. W.: Experimental Evaluation of Mechanical Joints in 2-Dimensional 
Carbon-Carbon Material at Room and Elevated Temperatures. NASA TM-87648, 
February 1986. 

73. Shore, C. P.: Review of Convectively Cooled Structures for Hypersonic Flight. 
NASA TM-87740, May 1986. 

Conference Presentations 

74. Sawyer, J. W.: Experimental Evaluation of Mechanical Joints in 2-Dimensional 
Carbon-Carbon Material at Room and Elevated Temperatures. Presented at the 
Seventh JANNAF Rocket Nozzle Technology Meeting, November 13-15, 1985, 
Monterey, California. Proceedings pending. 

75. Sawyer, J. W.; Ransone, P. 0.; and Stroud, C. W.: Evaluation of Coating 
Damage to ACC-4 and RCC Carbon-Carbon Material Due to Low Velocity Impact. 
Presented at the American Ceramic Society, Advanced Composites Working Group, et 
al. ,1 Oth Annual Conference on Composites and Advanced Ceramic Materials, January 
19-22, 1986, Cocoa Beach, Florida. NASA CP pending. 

76. Taylor, A. H.; and Jackson, L. R.: An Overview of Structures and Materials for 
Space Vehicles. Presented at the Canaveral Council of Technical Societies Twenty- 
Third Space Congress, April 22-25, 1986, Cocoa Beach, Florida. Abstract in 
proceedings, p. 9-1 - 9-2. 

77. Shore, C. P.: Review of Convectively Cooled Structures for Hypersonic Flight. 
Presented at the SAE Aerospace Vehicle Technology Conference, May 14, 1986, 
Crystal City, Virginia. 
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78. Sutter, T. R.; Camarda, C. J.; Walsh, J. L.; and Adelman, H. M.: A Comparison of 
Several Methods for the Calculation of Vibration Mode Shape Derivatives. Presented 
at the 27th Structures, Structural Dynamics and Materials Conference, May 19-21, 
1986, San Antonio, Tx. AIAA Paper No. 86-0873-CP. 

79. Davis, R. C.; Royster, D. M.; and Bales, T. T.: Analysis and Test of 

Superplastically Formed Titanium Hat Stiffened Panels Under Compression. 
Presented at the AIAA/ASME, et. al., 27th Structures, Structural Dynamics and 
Materials Conference, May 19-21, 1986, San Antonio, Texas. AIAA Paper No. 86- 
0942-CP. 

80. Blosser, M. L. and Sawyer, J. W.: Design Studies of Carbon-Carbon for Lightly 
Loaded Structures. Presented at the First National Aero-Space Plane Technology 
Symposium, May 20-22, 1986, Hampton, Virginia. Paper No. Ill, NASA CP-1006. 

81. Camarda, C. J.: Application of Heat Pipes to Leading Edges and Nose Caps . 
Presented at the First National Aero-Space Plane Technology Symposium, May 20- 
22, 1986, Hampton, Virginia. Paper No. 108, NASA CP-1006. 

82. McWithey, R. R.: LaRC Scramjet Fuel Injection Strut Development. Presented 
at the First National Aero-Space Plane Technology Symposium, May 20-22, 1986, 
Hampton, Virginia. Paper No. 104, NASA CP-1006. 

83. Scotti, S. J.: A Sizing and Optimization Procedure With Application to 

Aerospace Plane. Presented at the First National Aero-Space Plane Technology 
Symposium, May 20-22, 1986, Hampton, Virginia. Paper No. 77, NASA CP-1005. 

84. Shore, C. P.: Actively Cooled Panels. Presented at the First National Aero- 
Space Technology Symposium, May 20-22, 1986, Hampton, Virginia. Paper No. 107, 
NASA CP-1006. 

85. McAuliffe, P. S.; Davis, R. C.; and Taylor, A. H.: Development of a Reusable, 
Flight-Weight Cryogenic Foam Insulation System. Presented at the AIAA 3rd Space 
Systems Technology Conference, June 9-12, 1986, San Diego, California. AIAA 
Paper No. 86-1189. 

86. Taylor, A. H.: Cerro, J. A.; and Scotti, S. T.: An Analytical Method for Evaluating 
Orbit-On-Demand Vehicle Structures. Presented at the AIAA 3rd Space Systems 
Technology Conference, June 9-12, 1986, San Deigo, CA. 

87. Camarda, C. J.; and Haftka, R. T.: Evaluation of Modal Methods for Dynamic 
Response. Presented at the International Association for Computational Mechanics 
First World Congress on Computational Mechanics, September 22-26, 1986, Austin, 
Texas. Abstract in proceedings, Volume 2. 


15 


Contractor Reports 

88. Blair, W.; Meaney, J. E.; and Rosenthal, H. A.: Fabrication of Prepackaged 
Superalloy Honeycomb Thermal Protection System (TPS) Panels. (NASI -15646 
Rohr Industries, Inc.), NASA CR-3755, October 1985. 

89. Buchmann, O. A.; Arefian, V. V.; Warren, H. A.; Vuigner, A. A.; and Pohlman.M. 

J.: Advanced Fabrication Techniques for Hydrogen-Cooled Engine Structures. 

(NASI -141 80 AiResearch Manufacturing Company.) NASA CR-3949, Nov. 1985. 

Tech Briefs 

90. Davis, R. C.; and Jackson, L. R.: Truss-Core Corrugation. NASA Tech Brief 
LAR-13438. 

91 . Davis, R. C.; Taylor, A. H.; and Jackson, L. R. (NASA Langley Research Center); 

and McAuliffe, P. (Lockheed Aircraft Company): Reusable High-Temperature 

Cryogenic Foam Insulation System. NASA Tech Brief LAR-13506. 

92. Taylor, A. H.: Composite Piston Cap Structure. NASA Tech Brief LAR-13435. 

Patents 

93. Jackson, L. R.; and Taylor, A. H.: Aerospace Vehicle. U.S. Patent 4,557,444. 
Issued December 10, 1985. 


FY 87 PLANS 

The FY 87 plans for the Loads and Aeroelasticity Division are broken out by each 
of the branches (technical areas) and selected highlights of proposed FY 87 
milestones are presented. 

Configuration Aeroelasticity Branch 

For FY 87 the Configuration Aeroelasticity Branch (CAB) will continue its broadly 
based research program on dynamic and aeroelastic phenomena of aircraft and 
rotorcraft as summarized in figure 39. 

A large portion of this work is associated with tests in the Langley Transonic 
Dynamics Tunnel (TDT) with companion theoretical studies. Research studies are 
planned for both rotorcraft and airplanes. The rotorcraft studies will use the aeroelastic 
rotor experimental system (ARES). Rotorcraft work will focus on applications of 
advanced aerodynamic and structural methodology to new rotor concepts. Airplane 
focused studies include such items as adaptive active flutter suppression, aeroelastic 
tailoring, and empennage buffet. In addition, to research studies, an aeroelastic 
verification test is planned for the new wing for the A-6 airplane. 
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Work will continue in the area of prediction of helicopter vibration characteristics by 
using finite element modeling procedures. Studies involving the major airframe 
manufacturers will be continued. 

Significant progress in the development of a new data acquisition, display, and 
control system for the TDT is expected. The installation of the wiring to connect the 
system to the various stations to be served will be completed. The system will be 
ready for off-line operation near the end of the year. 

Selected highlights of proposed FY 87 milestones are listed below and are shown 
by figures 40 through 43. 

Aircraft Aeroelasticity: 

- Aircraft Aeroelasticity 

- Upgrading the Data Acquisition System for the Langley 
Transonic Dynamics Tunnel 

Rotorcraft Aeroelasticity: 

- Rotorcraft Dynamics and Aeroelasticity 

Rotorcraft Structural Dynamics: 

- A National Capability to Analyze Vibration as Part of 
Helicopter Structural Design 

Each highlight is accompanied by descriptive material. 


Unsteady Aerodynamics Branch 

For FY 87 there will be continuing activity in developing finite-difference algorithms 
to solve nonlinear, unsteady fluid flow equations for application to aeroelastic analysis 
(Figure 44). A major effort will be to complete the development and validation of the 
CAP-TSD ( Computational Aeroelasticity Program-Transonic Small Disturbance) 
code. The code significantly improves the efficiency of aeroelastic calculations and is 
capable of treating complete vehicle geometries, including the effects of multiple lifting 
surfaces, fuselages, and wing stores. A three-dimensional full potential code will be 
developed to assess the advantages of full potential vs. transonic small disturbance 
theory. Work will be initiated to apply Euler and Navier-Stokes codes to problems in 
unsteady aerodynamics and aeroelasticity. Navier-Stokes calculations will be 
performed for correlation with unsteady pressures measured at Reynolds numbers up 
to 35 million. 

The experimental program will include two wind tunnel tests, the completion of a 
model design, and the acquisition of a research facility. One test will be conducted to 
measure unsteady pressures on interfering lifting surfaces while one surface is 
undergoing unsteady motions. A wing/oscillating canard configuration will be used for 
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the test. The other test will be a canard alone high angle of attack dynamic test. A 
benchmark aeroelastic model will be designed. A low cost facility for basic unsteady 
aerodynamic and aeroelastic studies will be acquired. The facility also can be used to 
test the aeroelastic and unsteady aerodynamic characteristics of new and novel flight 
vehicle configurations. 

Selected highlights of proposed FY 87 milestones are listed below and are shown 
by figures 45 through 47. 

Theory Development and Design Methods: 

- Development of Complete Aircraft Transonic Aeroelasticity Code 

Experiments: 

- Wind Tunnel Test to Measure Wing/Canard Interference Effects 

on Unsteady Pressure 

- Basic Aeroelastic and Unsteady Aerodynamic Research Facility 

Each highlight is accompanied by descriptive material. 

Aeroservoelasticitv Branch 

There are several efforts planned for FY 87 in each of the three major areas of 
analysis methods, design methods, and applications and validations (figure 48). 

In the analysis methods area, the renewed area of research in static 
aeroservoelasticity will continue. Both linear and nonlinear methods will be 
investigated. There will be a focus on development of optimal sensitivity analysis for 
both analysis and control law synthesis. This development will provide the basis for 
integrated structure/control design methodology. 

In the applications and validations area, control laws for the active flexible wing 
model will be tested and analytical results compared with experimental data. Data 
from the ARW-2 wind-tunnel test will continue to be analyzed. Aeroservoelastic 
analyses of the oblique wing aircraft, both in the subsonic and supersonic speed 
range, will begin. The development of aerothermoservoelasticity analysis methods 
will begin with application to the National Aero-space Plane Program. 

Reporting will begin on results of the spanwise gradient measurements of 
atmospheric turbulence. 

Selected highlights of proposed FY 87 milestones are listed below and are shown 
by figures 49 through 51. 

Analysis and Design Methods: 

- Functional Integration Technology (FIT) Team Participation 

- Integrated Aero/Thermal/Elastic Analysis 
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Applications and Validations: 

- Perform Aeroservoelastic Analysis of the RSRA/X-Wing Aircraft 

Each highlight is accompanied by descriptive material. 

Aerothermal Loads Branch 

For FY 87, there will be a continuing level of activity in all three disciplines as 
summarized in figure 52. 

Experiments - The major thrusts of the thermal loads research effort for FY 87 
consists of three specific tasks: 1) complete tests to establish a design and code 
validation data base of aerothermal loads for a blunt leading edge model with an 
impinging shock and for other generic hypersonic vehicle local configurations; 2) 
obtain gap heating results for a curved surface subject to a pressure gradient across 
the surface; 3) characterize the 2-D turbulent boundary layer in the 8’ HTT. 

Analysis - The major thrust for the ALB analytical effort in FY 87 consists of two 
specific tasks: 1) continued development and validation of finite element methodology 
for the prediction of aerothermal loads to complement and supplement the 
experimental effort including implementation and evaluation of 3-D viscous analysis 
and adaptive/unstructured grid refinement strategies; 2) continue development and 
validation of the integrated fluid-thermal-structural analysis capability as a tool to 
design and evaluate structural concepts for super/hypersonic vehicles including 
implementation of an internal cooling model. Major efforts will be devoted to 
completing finite element analyses of a blunt leading edge with an impinging shock 
and a compression comer utilizing adaptive/unstructured mesh strategies. 


Facilities and Test Techniques - The facilities effort involves the safe and 
efficient operation and the expansion of the test capabilities of the high energy 
facilities of the Aerothermal Loads Branch. 

A major effort for facilities development is support of the modification (FY 87 CofF) 
to the the 8’ HTT which will make it a unique national research facility for testing air- 
breathing propulsion systems for very high-speed aircraft and missiles. In support of 
this effort, the 7" HTT will be used to investigate alternate modes of oxygen injection 
and to develop propulsion testing support structures. Recertification of the combustor 
pressure vessel is schedule for this year. 

FY 87 testing in the 8' HTT will include a U.S. Army Transpiration Cooled Radom 
model, the Curved Surface Test Apparatus Chine Gap Heating Model, a Survey of the 
2-D Turbulent Boundary Layer on the Panel Holder, a Second Generation Curved 
Metallic TPS Model, and a Swept Leading Edge Model. 

Selected highlights of the proposed FY 87 milestones are listed below and are 
shown in figures 53 through 56. 
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Experiments: 

- Aerothermal Loads Experimental Program 

Analysis: 

- 2-D Flow Over a Compression Corner - Finite-Element 
Navier-Stokes Code Validation 

- Shock-On-Lip Analysis 

Facilities and Test Techniques: 

- Oxygen Enrichment and Alternate Mach Number Modification 
to the 8'High Temperature Tunnel 

Each highlight is accompanied by descriptive material. 


Thermal Structures Branch 

There are several major research activities for FY 87 which collectively represent a 
concerted thrust to advance the state of the art in thermal structures (figure 57). 

Systems studies will continue to identify structural technology needs and to assess 
various concepts proposed to meet these needs. Emphasis will be on The National 
Aerospace Plane and Super/Hypersonic Transport vehicles although efforts will 
continue in support of future space transportation systems with an emphasis on earth- 
to-orbit vehicles. Work on airframe structure will transition from titanium concepts 
developed for a Mach 5 airplane to actively cooled and carbon-carbon structures for 
use on high speed vehicles. 

Work on TPS will be focused on: Solving the gap flow problem for superalloy 
metallic concepts, with tests of the modified curved surface TPS model scheduled for 
late FY 87; completion of tests of the 1 ft. x 2 ft. ACC panel with analysis of results for 
the gap heating at panel edges; and a new effort looking at heat pipes and active 
cooling for stagnation heating regions such as leading edges. The latter effort will 
consist of analytical studies and preliminary designs followed by detailed design, 
fabrication, and test of selected hardware components in FY 87. 

In the area of propulsion structures, work will continue on the scramjet fuel injector 
strut, with fabrication expected to be completed by mid CY 87 and tests starting in late 
CY 87. Work on cowl lip cooling will be initiated with an analytical study of the effects 
of variations of geometries and heating rates on concept designs. Low level-of-effort 
contractor studies will continue on a ramjet indirect cooling system for use on a Mach 5 
class cruise airplane, and a missile/scramjet engine structure program. 

Analytical efforts will continue to focus on enhanced thermal structural analysis, 
with a focus on radiation heat transfer, and documentation of programs developed in- 
house for conceptual design studies. 
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Selected highlights of the proposed FY 87 milestones are listed below and are 
shown in figures 58 through 60. 

Propulsion Structures: 

- Analysis of Scramjet Engine Strut 

Airframe Structures: 

- Cryogenic Tank Thermal Analysis for Use in Advanced Hypersonic 
Aircraft and Space Transportation Systems 

Analysis and Synthesis Methods: 


Each highlight is accompanied by descriptive material. 


CONCLUDING REMARKS 

This publication documents the FY 1986 accomplishments, research and 
technology highlights, and FY 1987 plans for the Loads and Aeroelasticity Division. 
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TEST TECHNIQUES SYNTHESIS METHODS 
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FIGURE 3. 




Figure 











L-84-I0.W7 







■ v: : ; : ; : : ■ : 


Figure 












CONFIGURATION AEROELASTICITY 
FIVE YEAR PLAN 


o 

LU 

CL 

X 

LU 


CO 

I- 

-I 

=> 

CO 

LU 

CT 


UlSg 

& 

uiOO 

>£CP 

HZ< 

oo3 

<OLU 


o 

5 ll 

LU Z 

2 o 

-O 

LU 

CO 2 

“UJ 

H 2 

<o 

QO 


LU 

X 

LL 

DC CO 
LU Z 

t=- 

ULU 
LU Q 


2ui 


<55 

£c/> 

s< 

> 0 - 

Qlj 
ujOO 
O D DC 
301- 

qez 

UJXO 

DCHO 


DCO 

Oh 

u.< 

Z* 

52 

(/>> 

LU 

QS 

OS 

of 

DCS 


C/> 

o 

P 

w 

DC ^ 
SlU 
OhO 

g<£ 

“■ocg 

5«a 

UiXx 

ZOUJ 


o- 

E“ 

uu< 

O.CL 

3< 

(OO 


DC 

O 

a z 

Q< 

111 

Pill 

<2q 

DC<g 

iuu± 

hDCj 

5<s 


o 


Q 

O 

2 

cr CO 

gs 

03 

XO 


o 

o> 


o> 

00 

> 

LL 


00 

00 

> 

LL 


r*- 

oo 


CO 

00 

> 

LL 


DQ 

X 

X 

O (0 

XC /3 

DCLU 

LUO 

5Z 

<x 

x< 

<LU 

Q.DQ 


CO 


CL 

o 

< 

X 


o 


CO 

z 

o 

H 

< 

X 

X 

> 

LU 

2 

< 

E 

X 

< 

X 

o 

H 

o 

X 

Q 

LU 

_J 

a 

, =3 

o 

o 


CO 

LU 

CO 

>- 


UI 

a 

< 

-i 

DD 

LU 

t 

CO 

o 

s 

|8 


> 
cr 
< 

2 CO 


CO 


a. cr 

o 2 

CO h 

Q 


< 

X 

o 

X 

< 


o 

p 

CO 

< 

-I 

LU 

o 

X 

LU 

< 


LL 

< 

X 

o 

X 

e 

§ 


> 


o 

t 

p 

< 

CO 

X 

< 

o 

_J 

X 

LU 

o 

o 

H 

X 

o 

LU 

< 

X 


< 

X 


o 


CO 


CO 

g 

2 

< 

Z 

> 

Q 


27 


FIGURE 6. 






UNANTICIPATED FLUTTER CHARACTERISTICS OF NEW COMPOSITE A -6 WING 
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Figure 7(b). 





3 a 81 

S 5 ® > 

5 « m e 

® c o ® 

g> 8 S £ 

•- CtJ C 

■- 

3 03 9 to 
*0 09 o O 

2 f °>tj 

!5 S § 

|I?s 

I§?S 

"111 

CO 3 ** 

> s ^3 

- « I s 

= -m (D o 

S « « 09 

c 3 £ <9 T> 
w«> W 

•- |E ±s $ 

<D ■ .-tr 

1 

If g« 

D) C 

C 3 n W 

IS 18 

2 2^1 
»|°S 

il&i 

£ w o u 
5 w 10 3 
5 i 5 r T 3 

co o 5 = c 

O •“ 

0 > ■5 .Jz JC 

s ig £ £ 

T 3 £ W W 

O) 0 w co- 
il, i-l- <D ,_ >* 

CO <D £ 5 £ 
09 jE CL $ = 
CL ±: O o -g 
Q. > *F C 2 

ro > c ^ to 

<- O <2 c 

co 09 P co 

§ £ -D £ 3 

-loSS 

CJ 2 ^ <D (O C 
® « 0)0 3 

-I ill 

C 09 q 09 ~ 

aiggl 
8 »f «S 

•— 09 O 09 

" E c o 

o?®Se 

1^2 ! I 

*«|s! 

.e S 8 s g. 

5 ??r® 

Q c § g 2 

• O 03 >s 09 

d£?i=r 


a> o 43 $ 
S w 2 2 

C 09 C /9 C 

ojd.ES 

lii I 


-o a> oj y> v 7 . ^ w 

2 ££.§£.§gT 5 

c ® ° ® •- I =: 2 " 

S^.^5 r Sc 
>> «5 ® .Sou® 
„ cl E S -5 « ® 2 
3 °x)co w ^a 5 

0 y— CD tr O r- 

>n“?S?f 

^?|.I||H 

Cfl W C 

2 O n C (0 t < 

£ o o .E o i: o 

2 cn o r ^ > -Q c 
(3 Z CC > w $ ^ 

£ . 5 §£ 8°2 

"S S ow OC^)Q. 
iBo^S^OJC 

1 E £ 2 O- I c ^ 

“ « O) O ® g ■= g 


| 'o ^ N l § 

<0 f “"> O 2 0 

£, 9 -o) 0 £ o 

- I_ 5 ?° < 5 « -o 

e s ! s f 2 £ 
3 .5 ~ C ^ .O 


W #a *0 m 09 E *P 
W yj 09 -Q .o .C 

2 £ £ # o 75 g 
Q- q. S Q. E c 5 ® 
.9 o £ co O) Q- o 

C C O *“ c 09 CD 

2 C 0 C 09 2 > 09 
c C 09 W c 5 w 
>> £= <0 09 o 09 
T3 -o 

2 x: o o^o^- 
OJ r m <u S: u 3 
2 ScT3=»i3 
g .2 -O 

w 2 2 « > o» 2 
W to - . > 0 ) c 

■p c CO 00 <D *- 09 
09 O O 09 £ 09 W 

~ « §;0 — S? o 

s la ?£ 1 1 

09 W CM 2 ~ w 2 

C QJ C Q 1 J 

>(? m® E ^ ^ 

* CL c 0 **- E »- T 3 4 =- 

• £°|® 2 ® 
o U >•£ £ B v 

0 E 2 S-“o 

« c ® I ^-g 2 
e o 3 E 2 .E ^ 

50 2 £ S > e *5 

X 3 E r “ 2 05 S 

|goSg go 

l'!i £ -i' i | 

® ® | s i ! I 

a ;*oS ; c 5 

_g ® « "-g°- 
o o £ f 
□ p .a co £ 15 o 

g .E -g ^ O 09 II 
0 5 : -o co c ^ 

: 2 09 * 0.2 * ^ 

! E i o 2 2 © 

: g i e ® 5 s 5 

i ! -g “ •= ® « ■§ 


^ ^ c .2 o h 

jQ i n O 09 d 

2 .0 - E 5 o 

w -T^ y 3 o m E 


£ 09 

© « 9 

CO ^P -O 

^ £ * 
O ' w 

© 09 g 
3 


Future Plans - Complete data analysis and publish results in formal NASA papers. 
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Future Plans - A second wind-tunnel test with significantly faster computers and more advanced software is scheduled in 1987. Ejection of 
stores to rapidly create aflutter-critical condition will be performed during this test series. 
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distributions on the wing before the second entry. 
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SENSITIVITY ANALYSIS IMPLEMENTED IN NASTRAN 
FOR HELICOPTER AIRFRAME OPTIMIZATION TO REDUCE VIBRATIONS 
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SENSITIVITY ANALYSIS IMPLEMENTED IN NASTRAN 
FOR HELICOPTER AIRFRAME OPTIMIZATION TO REDUCE VIBRATIONS 
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Structural element 


UNSTEADY AERODYNAMICS BRANCH 



Figure 13 



UNSTEADY AERODYNAMICS 
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NEW ALGORITHM FOR UNSTEADY TRANSONIC SMALL-DISTURBANCE EQUATION 
GIVES ORDER OF MAGNITUDE INCREASE IN COMPUTATIONAL EFFICIENCY 
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NEW ALGORITHM FOR UNSTEADY TRANSONIC SMALL-DISTURBANCE EQUATION 
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o □ Experiment 


APPROXIMATE FACTORIZATION ALGORITHM ENABLES 
SUPERSONIC UNSTEADY AERODYNAMIC CALCULATIONS 
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Future Plans - The research was conducted as part of a larger effort directed toward developing computational 
methods of predicting unsteady flows about aircraft configurations with emphasis on the flutter critical transonic speed 
range. A paper will be published on initial application to supersonic cases in 1 987. 


APPROXIMATE FACTORIZATION ALGORITHM ENABLES SUPERSONIC UNSTEADY AERODYNAMIC CALCULATIONS 


£ 



45 


Figure 16(b). 



FUSELAGE AERODYNAMIC INTERFERENCE EFFECTS PREDICTED 
ON RAE WING UNSTEADY LOADING 
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Future Plans - The research was conducted as part of a larger effort directed toward developing computational 
methods of predicting unsteady transonic flows about complete aircraft configurations. 


RAE WING UNSTEADY LOADING DUE TO 
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Figure 17(b). 
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LAMINAR FLOW OBSERVED ON SUPERCRITICAL AIRFOIL 
AT HIGH REYNOLDS NUMBERS 
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TIME HISTORIES OF UNSTEADY PRESSURES 
M = 0.72, a = 0°, Rc = 35 x 10 6 
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TIME HISTORIES OF UNSTEADY PRESSURES 
M = 0.72, a = 2°, Rc = 35 x 10 6 
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Figure 20. 



NEW METHOD FOR APPROXIMATING UNSTEADY AERODYNAMICS 
FOR AEROSERVOELASTICITY COMPUTATIONS 
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Future Plans - Plans are to document the method in a NASA TP; write a users guide for the unified software system; 
perform additional analysis comparisons using the approximations; and add several options that will increase the 
efficiency of the computations, thereby reducing the computational costs. 
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AUTOMATED TRANSONIC AEROELASTICITY ANALYSIS PROGRAM DEVELOPED 
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ARW-2 WING TIP ACCELERATION CORRELATES WITH SURFACE PRESSURE SHOCK MOVEMENT 

Clinton V. Eckstrom, David A. Seidel and Maynard C. Sandford 
Aeroservoelasticity, Unsteady Aerodynamics and Configuration Aeroelasticity Branches 

Extensions 3834, 4236, and 2661 
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Figure 23(b). 



ARW-2 WING TIP ACCELERATION CORRELATES WITH 
SURFACE PRESSURE SHOCK MOVEMENT 
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Figure 23(c). 
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ACTIVE CONTROL OF SHOCK INDUCED OSCILLATIONS 
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ACTIVE CONTROL OF SHOCK INDUCED OSCILLATIONS 

ARW-2 ACCELEROMETER PEAK-HOLD RESPONSES 
( Q = 100 TO 151 PSF) 


O 
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Figure 24(b). 


ACTIVE CONTROL OF SHOCK INDUCED OSCILLATIONS 

ARW-2 ACCELEROMETER PEAK-HOLD RESPONSES 
( Q = 21 1 TO 323 PSF) 
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Figure 24(c). 
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Future Plans - As indicated by the arrow returning to the model, the control laws will be tested on the model during 
the second tunnel entry, scheduled for early 1987. This entry will provide the opportunity to compare the 
analytically-predicted closed-loop performance of the model-plus-active-roll-control-system with the measured 
experimental performance. Agreement between analysis and experiment will verify that the analytical methods were 
correct; disagreement will point towards areas where improvements in the analytical methods are required. 
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Figure 25(b) 
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SHOCK IMPINGEMENT ON A CYLINDRICAL LEADING EDGE 
AUGMENTED HEATING RATE MEASUREMENTS 



O) 

c 

w 

(0 

0> 

x 


CO 

0> 

Q. 


CO 

3 

O 

o 




TJ 

fl> 

N 

75 

E 

o 



71 


-1.0 -.5 0 .5 1.0 -1.0 -.5 0 .5 

LOCATION (THETA/90) LOCATION (THETA/90) 


PROTECTIVE SHROUD SUCCESSFULLY REMOVED AT MACH 6.7 
IN LaRC 8' HIGH TEMPERATURE TUNNEL 
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Future Plans - The refinement strategy will be applied to the hemispheric cylinder and to 2D flow over a three inch 
diameter cylinder to predict the aerodynamic heating. A strategy to unrefine elements is needed to remove elements 
that are not needed as the gradients are sharpened by successive refinements. 


COMBINED INDICATORS REQUIRED FOR 

VISCOUS FLOW 

Example : Hemispheric Cylinder 


OF POOR QUALITY 
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Figure 30(b). 




INTEGRATED FLUID-THERMAL-STRUCTURAL ALGORITHM DEMONSTRATED 
FOR NONLINEAR THERMAL AND STRESS-STRAIN ANALYSIS 
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Future Plans - Development of the I F-T-S analysis capability will continue with focus on three major areas: Development of finite element CFD 
methodology including algorithms, adaptive refinement, local error estimates improved accuracy and improved efficiency: Development of efficient 
coupling strategies for the three disciplines: and Expansion of analysis capability to include real gas effects, equilibrium and nonequilibrium 
chemistry effects, turbulence, mass addition, wall catalysis, etc. 
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Figure 31(b). 
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Figure 34. 
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Future Plans - Delivery of the strut is scheduled in FY 87. Aerothermal tests on the strut will be conducted in a Langley propulsion tunnel in FY 
88. Ultimately, a hydrogen-cooled engine module representing the Langley scramjet engine and incorporating the fuel injection strut will be 
tested in the 8-Foot High Temperature Tunnel. 
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Figure 35(b). 
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Future Plans - Testing of the LID bonded honeycomb panel and panels with joints at elevated temperatures is currently in progress at Ames 
DFRF to verify the panel and panel joint performance in the anticipated flight thermomechanical environment. 
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system. This work will be continued if resources are provided. 
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Figure 38(b). 
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Figure 40(a). 


AIRCRAFT AEROELASTICITY 





ORIGINAL RAGE IS 

OF POOR QUALITY 


Figure 40(b). 
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Figure 41(a). 


INSTALLATION OF NEW DAS FOR TDT 
PROCEEDING ON SCHEDULE 



Figure 41(b). 


ROTORCRAFT DYNAMICS AND AEROELASTICITY 
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Figure 42(b). 
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properly accounting for the effects of such components in finite-element models. 


DESIGN ANALYSIS METHODS FOR VIBRATIONS ( DAM V IBS) PROGRAM 
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Figure 44. 


DEVELOPMENT OF COMPLETE AIRCRAFT TRANSONIC AEROELASTICITY CODE 
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Figure 45(a). 
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Figure 45(b). 
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Figure 46(a). 
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Figure 46(b). 
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Figure 47. 
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Figure 48. 


FUNCTIONAL INTEGRATION TECHNOLOGY (FIT) TEAM PARTICIPATION 


© o 

^ £ CO 

0) c II 
= o 00 

© H CZ 

o 

CO 

c 
0) 
X 
LU 


N 

E 


c 

<D 

O 

DC 

CL 


C\J 

I 

CO 

CD 

■ 

ID 

o 

LO 

DL 

e 

DC 


Q) 

C 

O 

X3 

o 

E 

"O 

0) 

to 


O 0 ) o 


- 52 

c £ 

— 0) 
o 

t 

CD 
CO 
O 


[O o Q)E 

rrt rrt 


D) 

a) 


£ E 


cl 3, 


co 

a> 

O) 

o 

o 

XJ 

O 

-C 

a> 

E 

Q_ 

O 

cd 

> 

cd 

XJ 


# <o 

*> 

I 

I 

CD 

t 

LL 

CD 

JZ 


CD 

> 

O 

© 

1q 

o 

CD 

jz 


I 

o 

G> 

!o 

O 


CD 

a> 

© 

CD 

DC 


« $ 

. ■ -O 

S-o 

o C 
o CO 
5 co 

CO to 

CO frt 
0) 

g <d 

> £ 

CD CO 
CO . 

II 

o a> 

js 3 

3a 

£ c 

"D 

a> co 

lz CD 
CO "© 

II 

. CD 
CO >r 
O ©- 

E « 
co co 

C CO 

>. r - 

o 
E £ 
— E 

o -o 

C £ 

0)0 

CO S 
CD 

■o o 

“g CO 

E co 

CO CD 
_ c 
co a> 
co 

^ o 

CO CD 


H 2 

o 3 
0) H ” 
« CD 
CO JZ 
CD — 

_ E 

CO ^ 

3- CL 
c r zj 

o) £ 

f® 

5= c 
TJ .2 

3 2 

Q_ O) 
CO CD 

5 £ 

o 


CD 


^ C 2 

kT O 

CD *= 

£2 £ 

= 3 
ZZ* O) 

CO £ 

2 o 
E O 
co 

s e 

ro < 


CD 

JC 

£ 

E 

co 

a> 

b co 

LL O 

CD to 

£ QD 

C O 
- ^ 
DO CO 
LU JZ 
CO O 
< .9 

to 
£0 
CD CD 
~ O 
2: 
CD 
CO 

2 
CD 
CO 


g 

■O < 
CD ^ 
-*— > v . 

2 o 

O) m 

s 8 

c o 

— jz 

H — ' 

o 


.£> co 


CO 


0 ) .<2 

"S £ 

CO 03 

O) © 
CD £ 
-♦-> 

c -O 
•— c 
CD CO 

1 1 
® E 
© o 

g-'w 
E © 

O Q\ 

O § 

£ 
CD 
CO 

o 


£ 5 

Q -o 
c © 

O) 2> 

‘co a) 

CD E 
XJ c 
*xr CD 

2 -o ^ 

c o £ 
o *- 
o Q 

■O Jg 
2 

o w 

“ 3> 

*iS o) 

2 -2 
(O O 
8 ^ 
o 
- sz 
O) 


CO 
g>C0 

o ^ 

-O •*- 
sz o 


CD 

£ E 

o 


co 

11 

SI 

si 

CD E 
•D W 


co o> 


“I 

o .2 


C ^ w i— 


o§ 


— O) 
CD C 

EK 

E «! 


CO CO 

9 

E.E 
c -o 

*8 


LU 


1.1 

E .1= 


rf\ TTI CO 


CO CD 

Q) jD 

q £ 2 


rt O 
o c 
2^ 
CO CO 
CD 

o *a 


§■» 
c © 

11 
2,2 
S’- 


W T5 
© 2 
E © 

•• 5 = > 
_L C 

CO o 

© o 

© « 
£ •*= 
x> 
o C 


o£ 
So 
is -o 
S g. 


CO ® 

~*o 

*"* 3 M- 

x> 

CD 
> 
o 
E 

CD 


CO 


CD 

c 
CD 
a> 

CD _ 


Q - O 
CO CD 

o > 

^ CD 
C X) 

C c 
b CD 
CD CD 
O) JD 
CO 

c W 


CO 

v _ 

-O 

CD 


CO 


CO 


Ef 5 


<3 „ .<2 « „ co 
co 77 . rrt 


C 00 

co ▼“ 

cluL 


CD J= 

!J 

CD 


C 

CD 


CD D) 
JQ C 

8® 


3 C 


CD C 

E © 
-O a> 

L.4. 2 Jd 

CO CD £ LL. Q.-D 


X 
CD 

E c 

CO CO 
CD h— 

■*- o 

LL 

(D 
CD C 
-c *6) 

r c 

o ® 
sz “O 
o £ 
co <0 

2 jo 

Q. o 
Q_ b 

CO ^ 

Jg 8 

*“ co“ 
• o 


52 cr 

co -= 

JD < 

CD E 

JD O 


> CD 

T3 .E 

C CO 
*£ 

> □)" 
S’ ® 

5, ° 

o> E 




5 '5 

^ © 

a. >. 

OT "2 

^ E 

p 

I® 

O) *- 


© -= 
_J 2 
C B 

.2 g 
to 2 
3 « 

II 


CO LL 
2 © 
« “5 

•2E 

« E 

II 
8 § 
E° 

CO "O 

tr 

CD 
O 


co 


CO 

CO 
3 

o 

§- 

**E co 


CO 

o .9 

O) © 

2 5. 

£-§ 
> >- 
"O © 
© < 

® m 
© 
CO ^ 


■C 

o 

co 

o 

fc - 

Q 

Q 


E 

CO 

c 

>% 

XJ 

2 

CD 

CO 


c 
o 
O 

T> 

CD 
O 

§ -C 

■D 00 

< LU 

— CO 
_l< 

of 

< CD 


CD 

£ 

8 


CD 


o 

J> 

CO X3 
3 CD 

C £? 

13 g* 
*•— • 
« C 

-S O 
c < 


c 

5 *o 

o a> 

-E to 

w © 

. Q. 

W © 

W « 

^ c 
2 5 
© ° 
o w 
w ® 

iS © 

© ^ 

o <]) 

CD ^ 

CO g 

2 " 

CD ^ 

? C 
<0 

co "co 
-O o 

§8 

0 > 

IS 

©h- 

> . o 

■Oo S 

p © ~ 

1 3- 

CO — o 

>.g © 

■Q .— © 

© w « 

2 © a 

co ID if- 

C O 3 

3 C Q. 


CO c 

u o 

O 


CD 

J= 


CD 

JZ 


3 JD 
CO r; 


CD 


CD 


>^ 
O E 

o « 

£ c 

CO o 


co 

(0 


o 

f E 
.n; x 
5 

ID E 

® £ 
CO O) 

|I 

8 | 
O > 
CO *S 
CZ JD 
CD CO 

2 o 

-Q CD 

co if 
CO CD 
-C c 
©2 

o 8 

E © 

• 

2 -S 

■§ ® 
V CD 

2 c 
to c 

CD O 
JC C 


*- « CO 


•- o 

-O < 
© CO 
■D — 

E 

co a 

c c 

'© ■ 

X3 © 

© 10 
© "O 
© 

0 > 

1 2 

co 

1 2 

is 

-o o 
£ -s 

O) © 
5= <]> 

1 s 

® CO 

co to 

3 10 

o 75 

2 2 

« i 

XJ c 

© « 
+- CO 

CO br 

o >2 

2 o 

o )2 

CD 


b S o 

©85 

f 8.1 

2 ® o 

.E 3 3 = 
_ c © 

.2 c 8 

28 -g 

Q-l ~ 

8 0S 

.2 < S 

k_ CO O 

•2^0 

S ' 5 © 

!=; © w 
o © 3 

® 2 © 
CO o JD 
CD — 

-c .9 £ 
4T E E 
o co CD 
c c -o 

■s-^i 
© 2 _ 

as 1 

ifs 

o CO 


CO o 
CD co 

E CD 
11 

CD C 
-CZ CD 
•*- CO 

'4— 

O o 

CO •»- 

II 

3= E 

CD Q_ 

CD £ 
JZ CD 
> 

^ CD 

O -o 

£ © 
X) J= 
CO ■— 

>v 3 

Si 

<0 — 

© 8 

© co 

■° « 
O £Z 
JO JO 
CO Q. 
CD 


5 = S 


CD £ CO 
JZ CO m 

l— cz £ 


CO "O 
0) CD 
O N 


C tTJ 


(0 


JO 

CL 


CD 

o to 

.9 3 
co o 
^ CO 
CO o 

© 2 

C X5 
O CD 
’SZ CO 

co ^ 

£ c 

X CD 
> <D 
CD JD 
CD 

S CD 

^ 8 


CO 

c 

£ 

CL 


C CD 
— JZ 

"O H 

£ 

0 

© © 
0)"0 
a) o 

c E 

If 

1 

© TJ 
§2 
§ 2 
© S’ 
2 £ 


O ©u © 

.2 © -6 
E Q § 
©too 

■D ° - 


CO w 
CD — 

X) -o 

3 CD 


3 (0 
UL CO 
CD 
. C 

"O 

CO CO 

o 


CO 

58 

co 

E 


o> 


CD s- 3 

co co o 

CD 


O) 


3 

12 a_ w, 
(OrC 

S I 2 

c O co 

do 

U -J M - 

® O) CO 
.3 CD CD 

■5-° p 

o £ 

c ® 

CD - 

^ CD CD 

o^S 

r- £ <0 


CO JO 
C 3 

o o 

CO - 
£ o co 

£ © CD 

iss 

w c E 

—I O CO 

CO Q- ' 

o 3 _ 

tss 

r~ -»— • —1 

§93 

b CO o 
3 


O) 

aj 


co 

a. 


co o 


1= s- o 

r o-^ 


co £ 
x> c 

CO *“ 

o > 


CO 

o 


col -a 


tr* CZ — 


+=t CO ~ 

2 9a 

3 *c 3 

9- co x> 
E c ~ 
o >* 3 
OX D 


CO 


£ 

col -o 


s u 


CD © 

© E 

0 5 

b CD 


£ !o ~ 
s» X 8 

x 0 j: 
_ it" CD 

a >>-© 

~ -o O 
E 

05 ^ 

CO O) >> 

o jz XJ 


00 

a> 

a> 

k. 

3 

D) 

E 


108 


GOAL IS TO PRODUCE HIGH FIDELITY INTEGRATED REAL TIME NONLINEAR PILOTED SIMULATIONS FOR 
USE IN AIRCRAFT PRELIMINARY DESIGN PHASE INCLUDING CONTROLS, STRUCTURES, AERODYNAMICS, AND 
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INTEGRATED AERO/THERMAL/ELASTIC ANALYSIS 
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approach and a linear steady aerodynamics code. 


AEROTHERMAL LOADS BRANCH 


c/> 

z 

< 

—I 

a. 

h- 

00 

> 

Li. 


< 

O 

x 

Q 


o 

< 


LU 

LU 

CD 

z 

X 

1 

o 

o 

X 

CO 

DC 

O 

LL 

LU 

CO 

& 

£ 

< 

Q 


LU 

1 

DC 

LU 

0_ LU 
X CD 
UJ Q 
LU LU 
I— rn 
LU H 


DC 

£ 

LU 

CO 

< 

CD 

% 

D 

CO 

Q 

< 

O 


I 

DC 
UJ 
X 
h- 

o 

X 
LU 
< 

Q 
UJ 

=: ° 

LU LU 
Q -J 
U. O 
O I 

££ 

LU O 

fp 2 

5k Q 


CO 

!— 

X 

LU 

X 

O 

X 


UJ 

> 

UJ 

Q 

LU 

3 


X 

O 

o 


Q 

< 

LU 


O 


CO 

X 

UJ 

x 

>- 

X 

g 

x 

ui 

X 

UJ 

CD 


X 

CD 

O 

UJ 

CD 

X 

Q 

< 

LU 


< 

g 

x 

Q 


>- 

o 

< 


X 

UJ 

X 

CD 

X 

X 

o 

o 

X 

CO 

X 

o 

g 

co 

>- 

X 

< 

X 

< 


X 

X 

X 

O 

O 


X 

x 

X 

X 

o 

o 

X 

g 

CO 

CO 

X 

x 

x 

O 

o 

< 

X 

X 

> 

0 

1 


CM 

X 

O 

g 

co 

>• 


< 

x 

h- 

X 

X 

X 

2 

O 

O 


X 

X 

o 

X 

O 

X 

X 

X 

X 

< 

X 

t= 

X 

CO 

X 

X 

H 

X 

o 

X 

X 

> 


> 

X 

< 

Cl 

X 

3 

O 

m 


x 

X 

3 

CD 

X 

3 

h- 

Q 

cm 

X 

X 

I- 

X 

N 

X 

x 

o 

< 

X 

< 

X 

o 


X 

2 

X 

X 

X 

x 

t 

X 

X 

Q 

■ 

CO 

D 

X 

< 

Q 

i 

CM 


o 

< 

g 

X 

< 

> 

Q 

X 

< 

I— 

X CO 
X X 

2 o 


X 

o 

X 

X 

> 

X 

Q 


o 

o 

CO 
X 

o 

UJ CO 
X ^ 

z >: 
o< 
o z 


co 

x 

3 

g 

X 

X 

o 

x 

h- 

h- 

X 

X 

X 

X 

X 

X 

X 

X 

> 

H 

X 

< 

Q 

< 

X 

O 

o 

< 

g 

X 

< 

> 


CO 
Q 

x 
CD 
f- 
X 
X 

X 

Q LU 
<£ 
x x 


2 

X 

O 


Q 

X 

X 

3 

f— 

O 

3 

X 


X 

> 

X 
Q 
x I— 

3C0 

M 

§£ 
o LL 


< 

X 

3 

H 

O 

3 

X 

1“ 

CO 

I 

X 

< 

X 

x 

X 

h- 

I 

g 

3 


Q 

X 

2 

CD 

x 


< 

g 

X 

< 

> 

Q 

X 

< 

H 

X 

X 

1 

2 
X 
> 
X 
Q 
X 
3 
X 
h- 


co 

X 

Q 

o 

o 

g 

co 

>- 


Ct 

X 

J— 

< 

X 

CD 

X 


X 

X 

I— 

X 

o 


X 

Q 

O 

2 


CD x 
X Q 
x O 
OO 


O 

O 


g 
co 
>" 
^ X 

z < 

X z 
X < 

<! 

w o 


o < 

o 


< 

9 

_l 

2 


< 

X 

2 

X 

> 

X 

o 


3 

X 

f— 

CO 


x 

X 

X 

\— 

I 

g 

3 


X 

X 

h- 

X 

O 


§ 


Q 

o 

X 

X 

X 

3 

X 

X 

o 

< 

X 

< 

X 

X 

x 

tj 

< 

Q 

X 

< 

I- 

X x 
X X 

II 

9E 


x 

X 

X 


X 

x 

^ 3 
LU < 
CD X 
>■ X 
X X 

o s 

X LU 

i£ 

FS 


o 

CO 

X 

3 

X 

O 

X 

X 

X 

o 

x 

X 

> 

X 

Q 

a 

x 

< 

X 

g 

o 


X 

CD 

>- 

X 

o 

X 

£ 

CO 

X 

Q 

O 

x 

< 

X 

X 

X 

b 

< 

X 

1“ 

< 

CD 

h- 

CO 

X 

> 

X 


113 


TESTING SUPPORT SYSTEMS IN THE 7" HIGH TEMPERATURE TUNNEL 
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Figure 53(a). 
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2-D FLOW OVER A COMPRESSION CORNER - 
FINITE-ELEMENT NAVIER-STOKES CODE VALIDATION 
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Figure 54(a). 


2-D FLOW OVER A COMPRESSION CORNER - 
FINITE-ELEMENT NAVIER-STOKES CODE VALIDATION 
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• Graded mesh costly 

• Adaptive/unstructured mesh to be used 
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Figure 55. 


OXYGEN ENRICHMENT AND ALTERNATE MACH NUMBER MODIFICATION 
TO THE 8’ HIGH TEMPERATURE TUNNEL 
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Figure 56(a). 



SCHEDULE FOR 8-FOOT HTT MODIFICATION 
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AEROTHERMAL LOADS PROP 
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ANALYSIS OF SCRAMJET ENGINE STRUT 
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CRYOGENIC TANK THERMAL ANALYSIS FOR USE IN ADVANCED HYPERSONIC AIRCRAFT 

AND SPACE TRANSPORTATION VEHICLES 
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Figure 59(a). 
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IMPROVED THERMAL ANALYSIS METHODS 
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